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ABSTRACT
Microfluidic devices are diagnostic tools that are small, portable, and inexpensive.
This makes them ideally suited for resource-limited settings. To construct a 3D
device, each layer of patterned paper is stacked using double-sided tape with
holes corresponding to the pattern. It is necessary to have a paste to fill the holes
in the tape and provide a medium for the fluid to wick through. The powder used
to make the paste is very expensive and must be bought in bulk (an estimated
$1121 - $1231), so it is not convenient for the Biomedical (BMED) department to
use. This project was designed to develop nitrocellulose membrane paste to be
used in microfluidic devices inexpensively. Nitrocellulose lacquer samples were
made using a range of viscosities: 2, 5, 8, and 11 mL of acetone per gram of
nitrocellulose membrane paper. Then a 3D microfluidic device using the sample
was created. An inexpensive method for creating paste to fill the holes in the tape
layer was determined and proven successful ($170). It was found that the ratio of
11 mL of acetone per gram of nitrocellulose membrane paper created a paste that
would allow for the fastest wick time in 3D paper-based microfluidic device (15
min). Thus, this method is recommended to the BMED department for the
development and testing of 3D microfluidic devices.

INTRODUCTION
Microfluidic devices can be used as a diagnostic tool in resource-limited settings.
These devices are small, portable, inexpensive, and do not require external
devices for use, so they can be manufactured offsite and shipped to places
around the world. This makes them ideally suited for third-world countries, in
home use, and in the field by first responders.
Recently, 3D microfluidic devices have been developed using wide variety of
materials to create assays with 64 – 1000 detection zones for testing various
strains of proteins and DNA. [5] Currently at Cal Poly, the Biomedical (BMED)
department is working to develop 3D paper-based microfluidic devices using
nitrocellulose membrane paper and wax printing.
To construct a 3D device, each layer of paper with the wax patterned is stacked to
another layer of paper with a different wax patterned using double-sided tape with
holes corresponding to the pattern. Sometimes, the thickness of the tape is too
great for the fluid to cross and wick through the next layer. Therefore, it is
necessary to have a paste that can be used to fill the holes in the tape and provide
a medium for the fluid to wick through.
The powder used to make the paste is very expensive and must be bought in bulk
(an estimated $1121 - $1231 for 25 metric tons from India). [3] This project was
designed to find a way to make nitrocellulose membrane paste to be used in
microfluidic devices.
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METHODS: TO CREATE NITROCELLULOSE PASTE SAMPLES
Initially, the nitrocellulose membrane powder was going to be made by freezing
the nitrocellulose membrane paper using liquid nitrogen. Then the paper would
be ground into a powder, which water could be added to to form a paste. However,
this method was found to be unsuccessful because the nitrocellulose membrane
paper would not freeze. Therefore, it was decided that dissolving the
nitrocellulose membrane paper in acetone should make a lacquer. Next, the
lacquer would be applied to the tape layer and left to dry and form a paste.
Nitrocellulose lacquer samples were created at different viscosities to determine
which ratio of acetone to nitrocellulose membrane paper will be most appropriate
for creating the paste. The paste should to be able to solidify, but is also needs
be easy to work with. The ratio of 11 mL acetone per 1 g nitrocellulose membrane
paper was taken from research. The ratio was then decreased to create more
viscous and concentrated lacquer samples that would resemble the
characteristics of a paste.
Materials:

•
•
•
•

Four vials with caps
Masking tape
Nitrocellulose
membrane paper
Micropipette
(100 – 1000) µL with clean
tips

•
•
•

Sharpie
Scale
Acetone

Procedure:
1. Label the each vial using the masking tape and sharpie:
• Vial #1
label 2 mL/g
• Vial #2
label 5 mL/g
• Vial #3
label 8 mL/g
• Vial #4
label 11 mL/g
2. Clean vials by rinsing with a small amount of acetone (about 3mL in each
vial).
3. Once the vials are dry, use the scale to place 0.150 g of nitrocellulose
membrane paper into each vial.
4. Use the micropipette and a clean tip to push all of the membrane paper to
the bottom of each vial.
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5. Add acetone has follows using the micropipette and a clean tip:
• 2 mL/g
add 300 µL
• 5 mL/g
add 750 µL
• 8 mL/g
add 1200 µL
• 11 mL/g
add 1650 µL
6. Secure a cap onto each vial.
7. Depending on the ratio of acetone to nitrocellulose membrane paper, the
samples could take up to 90 minutes to dissolve completely.

FIGURE 1: LABELED VIALS AFTER ACETONE WAS ADDED. FROM LEFT TO RIGHT:
11ML/G, 8ML/G, 5ML/G, AND 2ML/G

METHODS: TO TEST NITROCELLULOSE PASTE SAMPLES
To determine the effectiveness of the paste samples, the lacquers were split into
two groups: the wet group and the dry group. The lacquers in the wet group
would be assembled into microfluidic devices before they had enough time to dry.
The lacquers in the dry group would be allowed to dry into a paste before the
microfluidic device was put together. The results from the test would show
whether or not the paste needed to be wet as the 3D microfluidic device was
assembled or if it could be dry. Once each device was assembled, a record was
made of whether or not the fluid wicked through the paste. The time it took for the
sample to wick through the entire device was also noted. A successful paste
would allow the fluid to wick through it in 20 minutes of less. The 3D microfluidic
devices were made of bibulous paper and wax.
Materials:
Vials of nitrocellulose paste samples
Clear packaging tape
Micropipette (100 – 1000) µL with clean tips
12 sets of 3D microfluidic devices made with
wax and bibulous paper*
• One vial with cap
*Only the top and middle layers need to be used.
•
•
•
•

•
•
•
•

Oven
Razor Blade
Food Coloring
Water

•

Wax paper
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Procedure:
1. Place a small about of water into the empty vial (about 3 mL).
2. Add 150 µL of food coloring to water.
3. Secure the vial with a cap.
4. For each set of 3D microfluidic devices:
a. Cut out a top layer and a middle layer of a 3D microfluidic device
using the razor blade.
b. Place the set in the oven at 60 °C, until the wax has melted into the
bibulous paper and the channels are slight narrower (time varies).
c. Take the layers out of the oven and allow them to cool on the table.
d. Place some tape on wax paper (1”x 4”).
e. Using the razor blade, cut out a square of tape about the small size
as the microfluidic device layer.
f.

Using the razor blade, cut a small square into the tape that will
correspond to the circles on the microfluidic device layers.

FIGURE 2: TAPE SQUARE WITH SMALL HOLE.
5. Divide the 12 sets of Microfluidic Device into 2 groups:
a. 8 sets will form the wet group
b. 4 sets will form the dry group
6. For the wet group:
a. Place a tape square with hole on each of the middle layers so that
the hole corresponds to the layer’s circle.
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FIGURE 3: MIDDLE LAYER WITH TAPE PLACE ON TOP. THE HOLE RESTS OVER THE
CIRCLE.
b. Note: the next steps must be done quickly so that the nitrocellulose
paste samples do not dry out.
c. Use the micropipette and a clean tip to place nitrocellulose paste on
the hole of the tape as follows:
• 2 middle layers
add 2 mL/g paste sample
• 2 middle layers
add 5 mL/g paste sample
• 2 middle layers
add 8 mL/g paste sample
• 2 middle layers
add 11 mL/g paste sample
d. Cover the middle layers with the top layers and secure the together
with tape. *Make sure to leave the circle where the fluid will be
added exposed.
e. Use the micropipette and a clean tip to place a droplet of the food
coloring mixture onto the circle of the top layer.
f. Measure the amount of time it takes the fluid to wick through the
device (time varies).
7. For the dry group:
a. Leave the tape square with hole for each of the middle layers on the
wax.
b. Use the micropipette and a clean tip to place nitrocellulose paste on
the hole of the tape as follows:
• 1 tape square
add 2 mL/g paste sample
• 1 tape square
add 5 mL/g paste sample
• 1 tape square
add 8 mL/g paste sample
• 1 tape square
add 11 mL/g paste sample
c. Allow the paste samples to dry (about 2 min). Make sure that the
paste completely covers the hole.
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FIGURE 4: TAPE SQUARE WITH DRIED PASTE FILLING IN THE HOLE.
d. Place a tape square onto each middle layer.
e. Cover the middle layers with the top layers and secure the together
with tape. *Make sure to leave the circle where the fluid will be
added exposed

f.

Use the micropipette and a clean tip to place a droplet of the food
coloring mixture onto the circle of the top layer.

g. Measure the amount of time it takes the fluid to wick through the
device (time varies).
RESULTS
After the acetone was added to the nitrocellulose membrane paper in the vials, the
time it took for the nitrocellulose membrane paper to dissolve into a lacquer was
measure. The results may be viewed in the figure below.
Dissolving Time
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FIGURE 5: MEASUREMENT OF THE TIME NEEDED FOR THE NITROCELLULOSE MEMBRANE
PAPER TO COMPLETE DISSOLVE TO CREATE THE PASTE SAMPLES

8

As expected, the sample with the acetone ratio of 11mL/ gram of nitrocellulose
paper required the least amount of time to dissolve (less than 20 min). The paste
sample with the acetone ration of 8mL/ gram of nitrocellulose membrane paper
require a much longer time to dissolve (an estimated 60 min), but the consistency
of the sample was considered to be more ideal for a paste. The remaining
samples took more time to dissolve (an estimated 90 min), and were also found be
cumbersome to work with when applying to the tape.
The nitrocellulose paste samples that were allowed to dry in the tape before the
microfluidic devices were constructed were tested first. After being added to the
tape, the samples were allowed to dry for up to 3 minutes. Then a 2-layer
microfluidic device was created and a mixture of red food coloring and water was
used to test each device. The figures below are a representation of what was
observed. It was found that the test fluid was not able to wick through the
nitrocellulose paste after one hour regardless of the acetone ratio.

FIGURE 6: TOP LAYER OF MICROFLUIDIC DEVICE AFTER FLUID WAS APPLIED.

FIGURE 7: MIDDLE LAYER OF THE MICROFLUIDIC DEVICE AFTER ONE HOUR.
Next, the wet nitrocellulose membrane samples were tested. Each sample was
added to the layer of tape, and the microfluidic device was constructed before the
paste was allowed to dry.
The results of the test are shown in the figure below. The microfluidic device
constructed using the paste sample with an acetone ratio of 11mL/ gram of
nitrocellulose membrane paper had the lowest wick time (an estimated 15 min).
The microfluidic device constructed using the paste sample with an acetone ratio
of 8mL/ gram of nitrocellulose membrane paper had an estimated wick time of 30
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min. The microfluidic device made with remaining samples did not allow the fluid
to wick through completely after 60 min.
Wick Time Through 3D Microfluidic Device
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* Thorough wicking was not observed after 60 min.

FIGURE 8: MEASUREMENT OF THE TIME REQUIRED FOR THE FLUID TO WICK THROUGH THE
ENTIRE MICROFLUIDIC DEVICE
The table below summarizes the results from the testing. It was found the
microfluidic devices made with paste with an acetone ratio of 2 or 5 mL/ gram of
nitrocellulose membrane paper did not exhibit wicking in a reasonable amount of
time. Fortunately, increasing the acetone ratio to 8 or 11mL/ gram of
nitrocellulose membrane paper resulted in a multi-layer microfluidic device that
would allow fluid to wick through completely in a short amount of time.

TABLE 1: SUMMARY OF TESTING USING MULTI-LAYER MICROFLUIDIC DEVICES
Acetone ratio
(mL/ gram of paper)
Wick?
Time (min)

2

5

8

11

No
0

No
0

Yes
30

Yes
5

DISCUSSION:
3D microfluidic devices are important diagnostic tools because they can be used
to create inexpensive assays with 64 – 1000 detection zones for testing reagents.
[5] This would great benefit areas with limited resourced including third world
countries.
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A 3D, paper-based microfluidic device requires the fluid to pass through a layer of
tape between each layer. Because the thickness of the tape is so thick, the fluid
cannot pass through a hole in the tape on its own. A paste is used to fill the holes
and allow the fluid being tested to continue to wick through the rest of the device.
The powder to make the paste is expensive and has to be purchased in bulk (an
estimated $1121 - $1231 for 25 metric tons from India). [3] Thus, the BMED
department needed in inexpensive method for creating the paste. Without it,
developing 3D microfluidic devices would become costly.
An inexpensive method for creating paste to fill the holes in the tape layer was
determined and proven successful (an estimated $170 dollars per roll of
nitrocellulose membrane paper from Invitrogen). [2] It was found that the ratio of
11 mL of acetone per gram of nitrocellulose membrane paper created a paste that
would allow for the fastest wick time in 3D paper-based microfluidic device (15
min). This result is due to this sample’s long dry time (3 min), which gives enough
time for the microfluidic device to be constructed using the wet paste. As the
paste dries, it fuses with both the top and bottom layers of the devices and
remains hydrophilic enough for the fluid to wick through in a reasonable amount
of time.
Microfluidic devices made with this paste, nitrocellulose membrane paper, and
wax can be constructed and used to detect indicators of salmonella, such as
specific proteins.
The next steps for creating these 3D paper-based microfluidic devices would be to
perfect the printing resolution, protein immobilization, and sample purification
methods so that the devices can be characterized and made efficiently.
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